INTRODUCTION
In the food industry, products are often contaminated chemically and microbiologically from equipment surfaces during storage, transport, and processing. Cleanliness of product-contact surfaces is a very important issue in preventing contamination of the product processed. Food residues on product-contact surfaces that serve as nutrients for microorganisms should be removed by routine cleaning after each set of processing operations. In general, food residues on heated surfaces, e.g., milk deposits, consist of alkalisoluble (organic) and acid-soluble (inorganic) components (Burton, 1968; Lalande et al., 1984) , and they are commonly removed by applying both alkaline and acidic detergents (Dunsmore et al., 1981; Jeurnink and Brinkman, 1994 (Clegg, 1962; GraƒÀoff 1988; Twomey, 1968 has a strong sterilizing ability and has been used successfully in drinking water treatment as a substitute for chlorine (Rice et al., 1981; Singer, 1990; Smith and Moss, 1993) . Ozone is produced commercially from either oxygen or air by a silent surface discharge ozonizer. Ozonized oxygen generated from an oxygen-fed ozonizer consists only of oxygen species (O2, O3, and O) and it reacts with fouling deposits directly as molecular O3 or indirectly as ozone-derived free radicals. Our recent studies demonstrated that pretreatment with ozonized oxygen to aluminum oxide (Al2O3) fouled with bovine serum albumin (BSA) markedly accelerated the removal of BSA during subsequent alkali cleaning through partial decomposition of the adsorbed BSA (Takehara et al., 2000; Urano and Fukuzaki, 2001 ). On the other hand, silent discharge in an air-fed ozonizer produces not only O3 but also small amounts of nitrogen oxides (NOx) such as NO, NO2, NO3, N2O, and N2O5 (Braun et al., 1990; Kogelschatz and Baessler, 1987; Yagi and Tanaka, 1979) . Among NOx components, dinitrogen pentoxide (N2O5) is further transformed into nitric acid (HNO3) through reaction with traces of H2O (Kogelschatz and Baessler, 1987) . This suggests that treatment of solid surfaces including stainless steel by ozonized air, which contains both O3 and NOx, under atmospheric conditions would result in the formation of nitric acid on their surfaces. Nitric acid has so far been used for chemical passivation of stainless steel (Asami and Hashimoto, 1979) and for descaling (Twomey, 1968) . In the present study, the effectiveness of treatment of clean and fouled stainless steel with ozonized air was investigated and compared with that of treatments with ozonized oxygen and HNO3. We used nonporous stainless steel particles as a model material, and BSA and calcium hydrogenphosphate (CaHPO4) as model fouling deposits. This paper describes how ozonized air treatment could modify the surface charge of stainless steel and facilitate cleaning of BSA-fouled and CaHPO4-fouled stainless steel owing to the action of O3 and nitric acid.
MATERIALS AND METHODS

Materials and chemicals
Nonporous stainless steel particles (SUS 316 L), BSA (Fraction V), and other chemicals (analytical grade) were the same as those described previously (Fukuzaki et al., 2001 Stainless steel particles were treated with ozonized air and ozonized oxygen at 0.2% O3 for 1 h at room temperature. Argon ion etching was not conducted. Another major spectrum was observed at 101.7 eV which assigned to Si 2p. metal components of the outermost surfaces of stainless steel particles treated with ozonized air (0.2% O 3), ozonized oxygen (0.2% O3), and HNO3 solutions. The ozonized air treatment showed a slight increase in the atomic ratio of chromium to iron in the outermost surfaces, whereas no significant change in the chromium / iron ratio was observed in ozonized oxygen-treated stainless steel. Treatments with 10% and 30% HNO3 resulted in the significant enrichment of chromium in the surfaces. These results indicated that the nitric acid formed during ozonized air treatment could contribute to a slight increase in chromium content. The 10% and 30% HNO3 treatments lead to enrichment of chromium throughout the passive film on stainless steel (Asami and Hashimoto, 1979) , whereas ozonized air treatment appears to modify only a very thin layer of the passive film on stainless steel. No significant amount of nickel was detected in the outermost surfaces of all the stainless steel.
To assess the variation in the surface hydroxyl groups (M-OH) on stainless steel particles by surface treatments, isotherms of water vapor adsorption on stainless steel particles were measured. Figure 2 shows the isotherms for water vapor adsorption on non-treated particles, ozonized air-treated particles at 0.2% O3 before and after rinsing, and 30% HNO3-treated particles. The amounts of water vapor adsorbed (V) were plotted against the relative vapor pressure (P/Po), where P and Po are the equilibrium and saturated vapor pressures, respectively. The ozonized air-treated particles without rinsing apparently exhibited a higher affinity for water than the nontreated particles. This is evidently due to the presence of nitric acid that is hygroscopic on the stainless steel surfaces. On the other hand, the isotherm on the rinsed ozonized air-treated particles was characterized by a lower affinity for water. The 30% HNO3-treated particles showed a much lower affinity for water. Table 2 shows the results of BET analysis of the isotherms on the particles obtained by the all surface treatments in the low P/ Po range of 0.05 to 0.3. The monolayer saturation amounts (Vm) and BET c values, reflecting the adsorption affinity, were considerably lower for the particles treated with 10% and 30% HNO3 than those for non-treated particles.
Ozonized air treatment (with rinsing) also resulted in the relatively lower Vm, and BET c values compared with those for ozonized oxygen-treated particles and non-treated particles. These results indicate that nitric acid formed during ozonized air treatment was responsible for a decrease in the number of adsorption sites for water vapor, i.e., hydroxyl groups, on stain- Effect of pretreatment of fouled stainless steel particles by ozonized air
The effect of pretreatment of BSA-fouled stainless steel particles by ozonized air on the efficiency of alkali cleaning was examined and compared with that of ozonized oxygen pretreatment. Figure 5 shows the desorption curves of BSA during alkali cleaning after pretreatment with ozonized air or ozonized oxygen at 0.2% O3 for 30min. By pretreatment with ozonized air or ozonized oxygen, small amounts of BSA were desorbed during rinsing and the removal of BSA was accelerated markedly during subsequent alkali cleaning. Probably, the acceleration of alkali cleaning could be attributed to partial decomposition of the BSA molecule into low-molecular fragments by O3 (Urano and Fukuzaki, 2001) . Pretreatment with ozonized oxygen was found to be more effective on BSA removal than that with ozonized air. It is presumed that the nitric acid formed might induce the acid-denaturation of the BSA molecule or diminish the alkalinity of a lowconcentration NaOH solution (0.01M) to some extent, thereby causing a slight decrease in the solubility of BSA in the NaOH solution. Table 3 shows the effect of pretreatment of CaHPO4-fouled stainless steel particles by ozonized air on their cleanability. The deposited CaHPO4 was completely removed by cleaning with 0.1M HNO3. Ozonized air pretreatment resulted in the removal of a large amount of CaHPO4 only by rinsing with deionized water. This result indicated that nitric acid formed was responsible for the dissolution of the deposited CaHPO4 into the rinse water. On the other hand, only small amounts of CaHPO4 were removed both by rinsing alone and by that combined with ozonized oxygen pretreatment. Thus, the effects of pretreatment with ozonized air and ozonized oxygen are different for the organic and inorganic deposits due to the formation of nitric acid.
The results presented in this paper show that ozone (O3) and small amounts of nitric acid formed during ozonized air treatment could contribute both to the formation of electrostatically inert surfaces and to facilitated removal of protein and mineral deposits on stainless steel.
